A simple model of epitaxial growth proposed by Wolf and Villain is investigated using extensive computer simulations. We find an unexpectedly complex crossover behavior of the original model in both 1+1 and 2+1 dimensions.
law, w ∝ t β , until a steady state characterized by a constant value of the width is reached after a time t sat proportional to L z . The value of the saturated width w sat varies with the system size according to w sat ∝ L ζ . The exponents ζ and β (or ζ and z) characterize the scaling behavior of the roughness for a particular model and determine its universality class in analogy with theory of critical phenomena.
Alternatively, one can study the surface roughness using the height-height correlation function G(r, t) = [h(x + r, t) − h(x, t)] 2 which obeys the scaling relation 1 G(r, t) ∝ r 2ζ c g(r/t 1/z c ), where the scaling function g(x) is constant for x ≪ 1 and g(x) ∝ x −2ζ c for x ≫ 1 (equivalently, the structure factor S can be used, see e.g. Ref.
2). In most of growth models the exponents obtained using the two different methods are equal.
1
Scaling behavior of the surface roughness can be investigated using continuum, stochastic differential equations which in the case of conserving models with surface diffusion have the form ∂h(r, t) ∂t = −∇ · j(r, t) + η(r, t) ,
where η(r, t) is a zero mean, random noise term in the incoming flux, and the current j(r, t) is a function of the derivatives of h(r, t). In a number of recent theoretical studies, 3-11 models in which surface diffusion is the dominant physical mechanism of the surface smoothing were studied. The scaling relation 2ζ = z − d ′ (where d ′ is the substrate dimension) holds for these models. 4 The most often studied cases were j ∝ −∇h [Edwards- Alternative approach is to employ a powerful computer and study discrete models with microscopic rules reflecting physically important surface processes. 15 From a wide variety of discrete models we focus our attention on the one proposed by Wolf and Villain However, a more surprising observation can be made after close inspection of the data in . After ≈ 10 4 layers are deposited, a crossover takes place.
Again it cannot be due to the vicinity of the saturation regime because the estimate of t sat in 2+1 D for L = 500 is larger than 2 22 layers based on our previous results 7 and the position of the crossover does not shift with the lattice size. A logarithmic increase of the roughness (β EW = 0) is expected for the EW model in 2+1 D. Double-logarithmic and semilogarithmic plots of the last seven data points (averaged over the both curves) are shown in the inset of Fig. 2 . The statistics of the data are unsufficient to draw a definitive conclusion, but it seems that the semilogarithmic plot follows a straight line whereas the log-log one is curved.
Thus, we believe our data suggest that in both 1+1 and 2+1 D we observe crossovers to the scaling behavior of the EW model predicted by Krug et al. 10 and it should be noted that 5 even the positions of these crossovers agree well with this prediction.
Following the paper by Schroeder et al. 11 we also studied the behavior of G(r, t). The time dependence of G(r, t) in 1+1 and 2+1 D is shown in Fig. 3 . The exponent ζ c eff = 0.75±0.03 we obtained in 1+1 D using the initial slope of the correlation function for t = 2 19 monolayers and L = 40 000 ( Fig. 3 (a) ) differs substantially from the value ζ eff ≈ 1 obtained from the surface width behavior at later times (see above) and corresponds to ζ nonlin−II = 3/4. However, the value ζ c eff = 0.65±0.03 obtained in 2+1 D (Fig. 3 (b) ) for L = 500 and t = 2 17 monolayers is definitely different from 2+1 D value of ζ nonlin−II = 1/2 and is much closer to ζ nonlin−I = 2/3 which was also obtained from the surface width behavior. 7 The values of the exponents ζ We also tried to find changes in the correlation function behavior that should take place following the crossovers which we suppose are to the EW behavior (see the thick lines in Fig. 3 ). In 1+1 D [ Fig. 3 (a) ], a decrease to the value of ζ c eff ≈ 2/3 is observed for L = 2000 and 2 27 monolayers deposited, but this is still significantly higher than the EW model value Fig. 3 (b) ], the behavior of the correlation function after the crossover does not change appreciably. A probable explanation is that the range of length scales (larger than the relevant crossover length) where G(r, t) is influenced by the EW behavior is too short to be resolved in our data. However, we have found that the structure factor calculated for L = 2000 and 2 27 monolayers does at large wavelengths follow the slope −2 expected for the EW behavior. Statistics of these data are not sufficient to provide unambiguous proof and more work is needed.
In conclusion, we have studied kinetic roughening in 1+1 and 2+1 dimensions of a simple model of epitaxial growth proposed by Wolf and Villain. 
